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This guidance was written prior to the February 27, 1997
implementation of FDA's Good Guidance Practices, GGP's. It does
not create or confer rights for or on any person and does not
operate to bind FDA or the public. An alternative approach may be
used if such approach satisfies the requirements of the
applicable statute, regulations, or both. This guidance will be
updated in the next revision to include the standard elements of
GGP's.

DRAFT OF SUGGESTED INFORMATION FOR REPORTING EXTRACORPOREAL SHOCK
WAVE LITHOTRIPSY DEVICE SHOCK WAVE MEASUREMENTS

FDA requires manufacturers of extracorporeal shock wave
lithotripters to characterize the shock waves produced by their
devices.  In doing so, lithotripter manufacturers should describe
the instruments (e.g., hydrophones) and procedures used to measure
the shock waves, and present the results of these tests.  To assist
FDA's review of this information, please use an item numbering
scheme that corresponds to the one below, and consecutively number
all pages, tables, figures, and equations.  Also, please label all
figures clearly with captions, axis labels, and units as
appropriate.

1.  Hydrophone Description and Specifications

1.1. Hydrophone Description

Reference Hydrophones:  For faithful reproduction of the shock
waveform, including the negative portion of the pulse, the
hydrophone should be a piezopolymer (e.g., PVDF) spot-poled
membrane type, or a demonstrated equivalent.  (It should be
noted that some PVDF needle-type hydrophones with acoustically
hard backings have not responded well to the trailing negative
(rarefactional) portion of some shock waveforms.)  One caution
in using membrane hydrophones is that their angular response
exhibits a sensitivity minimum at an incidence angle of
approximately 40 degrees.  Thus, errors can result if
measurements are made on fields from shock wave sources having
sufficiently large apertures.

The hydrophone effective diameter should not exceed 1 mm or
0.2d6, whichever is greater, for frequencies greater than
2 MHz.  The quantity d6 is the smallest beam width at which
the peak positive (compressional) pressure is down 6 dB (0.5)
from its maximum value.

For shock waveforms having rise times greater than 25 ns, the
hydrophone membrane thickness should not exceed 50
micrometers.  For shock waveforms having rise times less than
25 ns, the hydrophone membrane thickness should not exceed 25
micrometers. 
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Non-Reference Hydrophones:  Because of the wide spectral
content and steep rise times associated with lithotripter
shock waves, the use of hydrophones whose performance deviates
significantly from that of the reference hydrophone is
discouraged.  Only reference hydrophones are well suited for
nearly absolute, accurate characterizing of the pulse shape
and beam size of a shock wave field.  However, it may be
appropriate in some circumstances involving prolonged use to
employ hydrophones of lower performance than reference
hydrophones, such as in QA or life-testing, or when
significant hydrophone damage is unavoidable.  For example,
the use of non-reference hydrophones may be necessary to
produce the plots called for in Section 2 below, especially in
2.2.1.2, 2.2.1.3, and 2.2.1.4.

1.2. Hydrophone Information Requirements

Provide the following information for each type of hydrophone
used to make shock wave measurements:

1.2.1. end-of-cable sensitivity into specified electrical
load vs. frequency (desirable frequency range:
0.2-20 MHz);

1.2.2. angular response plot over +45 degrees for at least
one frequency (recommended frequency:  2 MHz), and
calculation of effective diameter, de, in mm using
de = 0.52c/fsinΘ3, where c is the speed of sound of
the propagation medium in mm/µs, f is frequency in
MHz, and Θ3 is the angle at which the angular
response is down 3 dB (0.71).

(Effective diameter typically is determined from
angular response measurements.  There can be an
important difference between the physical diameter
of the sensor and its effective diameter.  Usually
the effective diameter is the larger of the two.)

1.2.3. a brief description of the measurement techniques
used to determine the specifications of 1.2.1. and
1.2.2. (above), if known.

1.2.4. overall dimensions;

1.2.5. the specifications for any hydrophone amplifier
used, including frequency response, maximum output
voltage, and, for non-integral amplifiers, the
length of cable between the hydrophone and
amplifier;  (Minimizing this cable length is
important in avoiding transmission-line ringing
effects.)
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1.2.6. if the hydrophone(s) is from a commercial source,
the manufacturer's name, address, and hydrophone
model number.

If a non-reference hydrophone is used to gather any data
supplied in the submission, then provide the following
information:

1.2.7. a list of the data gathered with the non-reference
hydrophone;

1.2.8. at the maximum shock wave generator output setting,
a comparison of the output of the non-reference
hydrophone with the output of the reference
hydrophone, including the shock waveform at the
focus.

2.  Measurement Data

Unless stated otherwise below, the following information should be
provided for minimum, typical, and maximum shock wave generator
output settings and pulse repetition rates.

2.1. Temporal Information

The description of the temporal characteristics of the shock
wave pulse should include a time domain representation of the
shock waveform at the focal maximum (i.e., the point where the
peak positive pressure is a maximum), as measured by a
reference hydrophone.  Note that the position of the focal
maximum may vary as the shock wave generator output setting is
changed (see 2.2.3).

Using the waveform from above, provide the following:

2.1.1. a frequency domain representation of the shock
waveform;

2.1.2. the peak positive and peak negative pressures of
the shock waveform, in units of pascals (MPa, kPa,
etc.);

2.1.3. the rise time and pulse width of the shock
waveform, where pulse width is defined as the time
between the half amplitude points on the initial
positive pressure half cycle;

2.1.4. the peak positive pressure vs shock wave generator
output setting, over the full range of output
settings available to the user.
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2.2. Spatial Information

Assuming x-y-z coordinates, with the z-direction being axial
and the x- and y-axes being lateral, provide the following
information about the spatial characteristics of the shock
wave field:

(Note:  For the purposes of this Section, a beam is symmetric
if the smallest and largest lateral positive pressure beam
widths differ from their mean value by no more than 10%.)

 2.2.1. two-dimensional and contour plots for peak
pressures around the focus as follows: 

2.2.1.1. 2-D lateral beam plots of peak positive and
peak negative pressures along x- and y-axes at
the focus;

2.2.1.2. 2-D axial beam plot of peak positive pressure
along the z-axis;

2.2.1.3. if the beam is symmetric, contour (isobar)
plots of peak positive pressure at a typical
shock wave generator output setting in x-z OR
y-z plane;

2.2.1.4. if the beam is not symmetric, contour (isobar)
plots of peak positive pressure at a typical
shock wave generator output setting in x-z AND
y-z planes; (Here x- and y-directions
correspond to minimum and maximum beam widths,
which are assumed to be located along
perpendicular axes. Please indicate if this is
not the case.)

2.2.1.5. spatial sampling increments (dx, dy, dz), and
justification for their choice;

  2.2.2. a description of the focal region in terms of the
-6 dB beam widths, for peak positive pressure along
the x-, y-, and z-axes, and for peak negative
pressure along the x- and y-axes.

  2.2.3. a description of any variation in peak positive
pressure location (from 2.2.1.2) and -6 dB beam
widths (2.2.2) as a function of the shock wave
generator output setting.

  2.3. Beam Energy

  Provide a calculation of the energy per pulse by integrating
the field over the -6 dB beam surface at the focal maximum.
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  The energy in a lithotripsy pulse at the focus can be
approximated by the expression,

                     E = Z-1 ∫ ∫ p2(r,Θ,t) dt dS, (1)
                             S

where r and Θ are spatial polar coordinates over the focal
surface S, t is time, p is the acoustic pressure function, and
Z is the acoustic impedance of water, nominally 1.5x106 mks
units (rayls).  For a beam with circular symmetry,

                              R
                       E = 2π ∫ PII(r) rdr, (2)
                              0

where PII(r), the pulse intensity integral at lateral distance
r, is

                     PII(r) = Z-1 ∫ p2(r,t) dt. (3)

For the purposes of this calculation, R in equation (2) is the
-6 dB beam radius based on a plot of the peak positive
pressure.  In evaluating E, the results of four radii along
two orthogonal diameters should be averaged.  One numerical
solution of equation (2) is

                        N
               E = 0.5π Σ (PIIi + PIIi-1)(Ri2 - Ri-12). (4)
                       i=1

Here it is assumed that a measurement of the beam has been
made laterally at N+1 points between r=0 and r=R, and that the
pulse intensity integral at point r=Ri is PIIi.  Also, R0=0 and
RN=R.

3.  Measurement Techniques

Provide details of the measurement technique, including:

3.1. the placement scheme of the shock wave source and
hydrophone used to determine the information gathered in
number 2 (above) (e.g. hydrophone mounting, positioning,
and alignment relative to source);

3.2. the analog bandwidth, sampling rate, and number of bits
of the digitizer employed; (For accurate measurement of
rise time, tr, the sampling rate should be greater than
approximately 5/tr.)

3.3. an assessment of the systematic and random errors
involved in making these measurements, including a brief
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description of all relevant errors considered and an
explanation of how the overall error was determined.

3.3.1. an assessment of the effects of shock-to-shock
variability on measurement accuracy, including
variations in the pulse quantities in 2.1.2 and
2.1.3, and beam widths in 2.2.2.
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